| INTRODUCTION
Ventricular tachycardia in the absence of underlying structural heart disease is known as idiopathic ventricular tachycardia (IVT). Majority of IVT arise from right ventricular outflow tract (RVOT) constituting nearly 10% of total ventricular tachycardia admissions (Brooks & Burgess, 1988; Joshi & Wilber, 2005) . Clinical presentation of RVOT tachycardia is not uniform, and nonsustained VT, frequent premature ventricular beats or paroxysmal sustained ventricular tacycardias are among the most common presentation scenarios (Joshi & Wilber, 2005) . Radiofrequency (RF) catheter ablation is the preferred and curative treatment option for ventricular tachycardias or symptomatic premature ventricular complexes (PVC) taking origin from RVOT. On 12-lead electrocardiogram (ECG) PVC from RVOT are characterized by left bundle branch block (LBBB) morphology with an inferior frontal plane axis. The site of origin of those tachycardias is believed to be anterior septal region below pulmonary valve in majority of cases (Callans, Menz, Schwartzman, Gottlieb, & Marchlinski, 1997) . However, less frequently such tachycardias can take origin from right ventricular free wall, posterior septal area, and other rare areas (Buxton et al., 1983; Jadonath, Schwartzman, Preminger, Gottlieb, & Marchlinski, 1995; Movsowitz et al., 1996; Wilber, Baerman, Olshansky, Kall, & Kopp, 1993) .
Previously, several algorithms to predict the origin of the premature ventricular beats in the right ventricle have been reported, and the varying range of predictive accuracy was reported (Dixit, Gerstenfeld, Callans, & Marchlinski, 2003; Ito et al., 2003; Joshi & Wilber, 2005; Zhang et al., 2009) . Predicting the exact anatomic location using 12-lead ECG may facilitate the RF catheter ablation procedure. The aim of this study was to compare the predictive accuracy of four different algorithms in patients who successfully underwent RF catheter ablation for symptomatic RVOT tachycardias. Of the four algorithms, two algorithms with easy-applicability and having a memorable design (Dixit and Joshi) and two algorithms with more complex and detailed design (Ito and Zhang) were selected for comparisons (Dixit et al., 2003; Ito et al., 2003; Joshi & Wilber, 2005; Zhang et al., 2009 ).
| METHODS

| Study participants
Between July 2008 and January 2016, a total of 121 patients who admitted to our clinic with symptomatic RVOT tachycardia and underwent successful RF ablation due to the drug-refractory symptoms were reviewed. Patients having multiple ventricular ectopic morphology (n = 4), arrhythmogenic right ventricular dysplasia (n = 1), structural abnormality on echocardiogram (n = 5) or previously had RF ablation for RVOT tachycardia were excluded from the study (n = 4). Also, three patients who lost to follow-up and five patients who had a recurrence of arrhythmia during the follow-up period were excluded from the analyses.
The final study group consisted of 99 patients (mean age 36.5 ± 8.5 years, range 20-57, 39.4% male) with symptomatic idiopathic RVOT tachycardia who underwent successful RF ablation. The participants' resting ECG was normal and echocardiogram revealed no structural abnormality. In all patients, LBBB morphology with inferior axis was observed on ECG during the arrhythmia episode. Among the study group patients, 68 had monomorphic VT (defined as three or more consecutive PVCs) and 31 had frequent monomorphic PVC (more than 10,000 PVC beats in 24 hr interval).
| Catheter ablation procedure
In all patients, antiarrhythmic medications were interrupted at least five half-lives before the ablation procedure. Before the procedure, written informed consent was taken from all patients. Following at least 8 hr of fasting state electrophysiologic study was performed. Pace mapping was performed at a pacing cycle length of 500 milliseconds and a stimulus amplitude of 1 mA greater than the late diastolic threshold. Three dimensional (3D) mapping system (Ensite [St. Jude Medical]) was performed in 21% of the study patients. RF energy was applied at the site where the earliest ventricular activation was detected and perfect pace mapping was obtained. Ablation procedures were performed using a quadripolar ablation catheter with a 4-mm distal tip electrode. Radiofrequency (RF) ablation was performed with power settings of ≤50 W with a target temperature of 55°C and duration of 45-90 s for RF catheter. For irrigated catheter ablation, RF energy was delivered using a power of 20-35 W, a temperature limit of 43°C and a set 17 ml/min saline flow duration of 45-90 s.
| Definition of success
Successful catheter ablation was defined as;
1. The elimination and noninducibility of the spontaneous and/or induced ventricular arrhythmias at the end of ablation procedure.
The absence of clinical arrythmia during 24 hr ECG monitoring
1 months after the ablation procedure.
| Definition of site of RVOT tacycardia origin
Due to the complex anatomy of the RVOT, the origin of the RVOT tachycardias differ widely. In brief, the location of the right coronary cuspis is near the level of the His bundle. Also, the majority of the RVOT is devoid of a true septum and wraps around the aorta that the intraventricular septum acts as the structure posterior to the RVOT (Joshi & Wilber, 2005) . Therefore, in the present study, the definition of the arrhythmia site made simply to match up the all tested algorithms' locations and to compare the predictive accuracy. Accordingly, the location of PVC or VT origin was determined as the successful ablation site according to the fluoroscopic images in 35° right anterior oblique projection and the 45° left anterior oblique projection and/ or at the 3D mapping system when used. RVOT was divided into six sites; anterior, middle, and posterior septal sites and anterior, middle, and posterior free wall sites (Zhang et al., 2009 ). Successful ablation localization was noted.
| The analysis of RVOT tachycardia origin
All of the ECGs were recorded at a paper speed of 25 mm/s during the VPC occurred. Two electrophysiologist who were trained by a chief electrophsiologist, analyzed patients' preablation arrhythmia ECGs according to the algorithms described by Joshi and Wilber (2005) Joshi and Wilber (2005) used three criteria while separating the septal locations from free wall sites (QRS duration ≥140 ms, R-wave "notching" in inferior leads, lead V3 R/S ratio ≤1). Afterward, according to the QRS polarity in lead I, they determined the anterior or posteriorly located arrhythmias. Finally, they used QRS polarity in lead aVL to decide the caudal versus cranial sites. Dixit et al. (2003) used "notching" in leads II, III, and aVF, and late precordial transition (R ≥ S at or beyond lead V4) while predicting the arrhythmia origin. Also, lead I QRS polarity was assessed to determine the anterior or posterior arrhythmia locations. T A B L E 1 Distribution of the arrhythmia location determined by the electrophysiological study and the predictions of the algorithms between RVOT tachycardia localization and each other algorithm regarding for distribution of localizations were also determined by calculating coefficients of kappa.
| Algorithms
| RESULTS
Distribution of the exact localization of RVOT originated arrhythmia
determined by the electrophysiological study and the predicted sites by the four algorithms are shown in Table 1 . Among all, there were 51 (51.5%) septal-located (16 anterior, 4 mid, 31 posterior) and 48 (48.5%) free-wall located RVOT tachycardia (18 anterior, 2 mid, 28 posterior) (Figure 1) . Table 2 shows Kappa values for intra-and interobserver variability; for all locations Dixit: κ = 0.937, p < .001 and κ = 0.979, p < .001; Zhang: κ=1.000, p < .001 and κ = 1.000, p < .001;
Joshi: κ = 1.000, p < .001 and κ = 1.000, p < .001; Ito: κ = 0.955, 
| DISCUSSION
In this study, different ECG algorithms were used to evaluate the best algorithm to predict the RVOT originated tachycardias. Among Among patients with normal left and right ventricular anatomy, surface ECG is very useful to predict the arrhythmic location in many arrhythmic diseases. Previously, several ECG algorithms were used to guide catheter ablation in patients with RVOT tachycardia (Dixit et al., 2003; Ito et al., 2003; Joshi & Wilber, 2005; Zhang et al., 2009 ). In the literature, there is only one study comparing the predictive accuracy of four algorithms with a relatively small patient group (n = 52) (Zhang et al., 2009) . In that study, reported predictive accuracy was 77.3%
for Zhang, 73.3% for Ito, 73 .3% for Joshi and 53.8% for Dixit. In our study, interestingly we found better predictive accuracy in three algorithms compared to accuracy values reported by their designers but not for Joshi (Zhang 91.9%, Ito 77.7%, Joshi 70.7% and Dixit 75.8% ).
However, our study group is larger than the previously reported studies (n = 99 vs. n = 52, n = 88 and n = 14), which might affect the results. Also, all of the investigators who made the interpretation of the algorithms were familiar to the previously reported algorithms and a chief electrophysiologist trained them before the analyses that might explain the better results.
A PVC originating from the septum tends to be shorter compared to a free-wall origin due to the spreading downward to the both ventricles over the septal Purkinje network, add to this, fragmentation of the QRS in the inferior leads reflects the delayed QRS and gradual excitation from RV free-wall to LV (Kamakura et al., 1998) . Roughly, Dixit et al. used precordial transition zone ≥ V4
and R wave notching, Joshi et al. used QRS duration, R wave notching and lead V3 R/S ratio ≤1 to differentiate septal or free-wall located VPCs (Dixit et al., 2003; Joshi & Wilber, 2005) . Similarly, Zhang and Ito et al. involved precordial transition zone criteria to predict either septal or free-wall location (Ito et al., 2003; Zhang et al., 2009 ). However, both researchers used additional analyses including R wave duration and R/S wave amplitude which were also useful in discrimination of the PVCs either located from RV and LV, and possibly provided more specific and sensitive evaluation of the RVOT tachycardia (Callans et al., 1997; Hachiya et al., 2000; Ito et al., 2003; Kamakura et al., 1998; Timmermans et al., 2002; Zhang et al., 2009) . Although, Kamakura et al. and Joshi et al. re- ported 80% and 88% diagnostic accuracy with QRS duration criteria in septal/free-wall discrimination, Zhang et al. concluded that rather than QRS duration and R wave notching evaluation, using VPC-QRS/the preceding sinus beat QRS duration≥ 1.9 is more sensitive and specific marker for free-wall location (Joshi & Wilber, 2005; Kamakura et al., 1998; Zhang et al., 2009 ). Similar to Zhang et al., Ito et al. also concluded that QRS duration was not informative in septal or free-wall discrimination (Ito et al., 2003) . At final step, in four algorithms, determination of the polarity and morphology of the lead I was the key component to predict anterior/mid/ posterior location. However, adding further analyses like as other leads assessment (Ito et al., 2003) and precordial leads transitional zone (Zhang et al., 2009 ) might be further beneficial to specify the arrhythmia location.
Algorithms with a discriminating stepwise analysis may lessen the inaccurate results. Although remembering a detailed algorithm is not easy and orientation of the subsequent steps may be challenging, complex and time consuming analyses of such algorithms may be more helpful while predicting the arrhythmia location and may lead better preparation before the procedure. The missed time in analyzing the algorithm may be gained during the procedure.
The study has some limitations. Firstly, the number of recruited patients is relatively small. Secondly, as we did not perform magnetic resonance imaging to all patients, right ventricular dysplasia cannot be ruled out; therefore, the effect of this condition on the accuracy of algorithms cannot be evaluated. Thirdly, the patients' age range was 20-57 years for this study and we did not include the pediatric and the older patient populations, thus the age-related changes in PVC morphology were not discussed. Finally, owing to the complex anatomy of the right ventricle, arrhythmic locations were defined simply to match up the all included algorithms and compare the predictive accuracy.
In conclusion, when different algorithms with different steps were compared, Zhang was the best algorithm in prediction of RVOT orig- 
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